Objective: Dietary intake is strongly influenced by the energy density of the diet. The purpose of this study was to determine the association of energy density with diet quality, dietary reference intake (DRI) for energy and lifestyle characteristics in free-living people. Subjects: The subjects were Spanish men (n ¼ 1491) and women (n ¼ 1563) selected in between 1999 and 2000 among the general population according to the 1996 census. Results: A low-energy density diet was significantly associated (Po0.001) with a higher consumption of vegetables, fruits, legumes, fish and white meat as compared to high-energy density diets. More subjects (Po0.001) with a high adherence to low-energy density diets meet DRI for energy intake and tended to be closer (Po0.05) to the recommendations of dietary intakes, established by the Spanish Society of Community Nutrition than those following a high-energy density diet. Alcohol consumption, the prevalence of a sedentary lifestyle and smoking significantly increased (Po0.01) across quartile distribution of energy density. Conclusion: Low-energy density diets of the present population were associated with a healthier lifestyle. Furthermore, our data suggest that adherence to low-energy density diets, with similar characteristics to those found in the present population, promote adequate energy intakes and increase overall diet quality.
Introduction
The growing worldwide prevalence of excessive weight is one of the major health concerns in the present century (WHO, 2000) . Identifying properties of foods or dietary patterns related to the deregulation of energy balance, a major factor in weight gain, is needed to develop new strategies in the fight against obesity. Preventing excessive energy intake is a key factor for this purpose (Brown et al., 2005; Christiansen et al., 2005) . Several experimental single meal studies and more complex multi-meal intervention studies have shown that energy density, defined in terms of available dietary energy per weight (kJ/g), influences short-term energy intake (Poppitt and Prentice, 1996; Bell et al., 1998; Bell and Rolls, 2001; Rolls et al., 2004 Rolls et al., , 2005 Rolls et al., , 2006 . However, the study of dietary energy density in free-living persons is a new effort, and data on this issue are scarce. Observational studies generally found a direct association between energy intake and energy density (Marti-Henneberg et al., 1999; Cox and Mela, 2000; Stubbs et al., 2000; Stookey, 2001; Darmon et al., 2004) . All these studies mainly focused on the association between energy density with energy and macronutrient intake and in some cases, additionally, with body mass index (BMI) (Marti-Henneberg et al., 1999; Cox and Mela, 2000; Stubbs et al., 2000; Cuco et al., 2001; Stookey, 2001; Darmon et al., 2004; Ledikwe et al., 2006b) . Recently published data from two large-scale epidemiological studies indicate that high-energy density diets were a risk factor for higher BMI (Kant and Graubard, 2005; Howarth et al., 2006; Ledikwe et al., 2006a; Mendoza et al., 2007) . Whether or not a diet can be recommended to the public depends mainly on its nutrient adequacy and diet quality. There is strong evidence that high intakes of dietary fiber are associated with good diet quality, healthy lifestyle and favorable health outcomes (Marlett et al., 2002; Lang and Jebb, 2003; Steffen et al., 2003) . In contrast, very few studies have addressed this issue for energy density at population scale. Due to the amorphous nature of energy density, free selected low-energy density diets might considerably differ in food and nutrient composition among populations. Because ingestion of most nutrients increases with increasing energy consumption, and energy density increases with energy intake, low-energy density diets, theoretically, are more prone to nutrient inadequacy than are high-energy density diets. On the other hand, evidence indicates the high diet quality of low-energy density diets (Cuco et al., 2001; Kant and Graubard, 2005; Ledikwe et al., 2006b) . More studies addressing the question of energy density and diet quality are needed at population scale. The concept of low-energy density diets is of particular interest because reducing energy intake through a decrease in energy density of the diet makes low-energy density diets an interesting alternative in achieving adequate energy intakes, a key requirement for weight maintenance.
The aim of the present study was first to determine diet quality of low-energy density diets, and secondly to analyze the association of energy density with leisure-time physical activity (LTPA), alcohol consumption and smoking, in a representative Spanish population.
Methods

Study population
The methods assessing the cardiovascular risk populationbased cross-sectional survey conducted in Gerona (Spain) in 2000 are identical to those of the cross-sectional survey of 1995, described in detail elsewhere (Masia et al., 1998) . Freeliving Spanish men and women from the province of Gerona, between 25 and 74 years of age, participated in this study from 1999 to 2000. Six thousand subjects were randomly selected from the general population of Gerona according to the 1996 census. After excluding census errors, 4359 eligible subjects were left, of whom 3054 agreed to participate. Dietary data were available from 2930 participants. Participants with extreme high and low-energy intake (less than 800 kcal and more than 5000 kcal) were excluded for analysis (n ¼ 59). All participants signed an informed consent form to allow their personal data to be stored in a computer database, and the acquisition of biological samples for the necessary analyses. The protocol was approved by an Ethics Committee (CEIC-IMAS, Barcelona, Spain) and the results of the examination were sent to all participants.
Dietary assessment
Information on demographic and socio-economic variables, lifestyle factors, including tobacco smoking and alcohol consumption, diet and medical history, was obtained through structured standard questionnaires, administered by trained personnel. Food consumption and nutrient intake were measured by a validated food frequency questionnaire (FFQ) (Schroder et al., 2001 ) administered by a trained interviewer. The optical readable FFQ asked for the usual food intake over the past year. The food list comprised of 165 items including foods, alcoholic and non-alcoholic beverages. For each food item, participants were asked to indicate their usual consumption from the nine frequency categories, ranging from never, or less than once a month, to six or more times a day. The FFQ did not include standard questions on portion size but rather specific medium servings, defined by natural (for example, one orange, one slice of bread) or household units (for example, one spoon, one cup, one glass), were indicated. Energy consumption and nutrient intake were calculated from the FFQ using the Medisystem 2000 software (Conaycite, Madrid, Spain). Pearson correlation coefficient for energy density (food and energy-containing beverages) between the reference method (monthly 24 h recalls over 1 year) and the FFQ was 0.43. This finding indicates that the FFQ provides a reasonable estimate of energy density.
Calculation of energy density
Energy density refers to the amount of energy (kJ) in a given weight of food (g). Two methods were used to calculate the energy density of diets. At first, only the energy amount provided through foods and their corresponding weights were used to calculate energy density. In the second model, we added to the calculation the energy amount provided through energy-containing beverages. Non-energy-containing beverages were excluded from both models. Diet quality of free selected low-energy density diets H Schröder et al active (PALX1.6 o1.9) and very active (PALX1.9 o2.5). The corresponding PA value for sedentary, low active, active and very active PAL is 1.0, 1.12, 1.27 and 1.45, respectively. The physical activity level in the present population was calculated through the corresponding walking equivalence. dietary reference intake (DRI) for energy was defined as the EER that corresponds to a normal BMI (18.5-24.9). The EER of each person was divided by their energy intake to identify subjects not reaching DRI for energy intake.
Energy requirements
Diet quality
Dietary recommendations for the intake of vegetable, fruit, dietary fiber, calcium, folate, cholesterol, carbohydrates (expressed in percentage of energy intake), total fat (expressed in percentage of energy intake), saturated, monounsaturated and polyunsaturated fat (all expressed in percentage of energy intake) for Spaniards, established by the Spanish Society of Nutrition Community, were used to calculat the diet quality (Serra-Majem and Aranceta, 2001).
Leisure-time physical activity LTPA was measured by the Minnesota LTPA questionnaire and administered by a trained interviewer. This questionnaire has been previously validated for Spanish men and women (Elosua et al., 1994 (Elosua et al., , 2000 . Participants were provided with detailed instructions and a list of physical activities, and were asked to mark those activities that they had undertaken during the last year. The number of times this activity has been performed and the average duration of its practice on each occasion were then recorded. Each physical activity had an intensity code obtained in standardized experimental situations, based on the ratio between the metabolic rate during work and the basal metabolic rate (Ainsworth et al., 2000) . An estimation of energy expenditure in the LTPA in MET Á min/day was obtained. One MET, the energy expended by sitting quietly, is equivalent to 3.5 ml of oxygen uptake per kilogram of bodyweight per minute (Ainsworth et al., 2000) . A sedentary lifestyle was defined as an energy expenditure during leisure time lower than 1000 MET min/week. Thirty minutes of moderately intense physical activity is recommended to reduce the risk of chronic disease (Dietary Guidelines for Americans, 2005). The present cut-off of less than 1000 MET per week is approximately equivalent to less than 30 min of moderate physical activity (walking) during leisure time.
Smoking
Information on smoking habits of the participants was obtained by a structured interview. Participants were categorized as non-smokers and current smokers (at least 1 cigarette/day on average during the previous year). The latter were asked for the average daily amount of cigarettes smoked.
Educational status
Maximum level of education attained was elicited and for analysis purposes recorded as primary school, secondary school and higher than secondary school.
Statistical analysis
Differences in continuous variables were compared using the Student's t-test. Categorical variables were tested using the w 2 -test. Adjusted odds ratios were calculated to investigate the association of categorical variables with the quartile distribution of energy density (PROC LOGISTIC procedure of SAS; SAS Institute Inc, Cary, NC, USA; version 8.0). Linear trend was tested through including the categorized variable (quartile distribution of energy density) as continuous in this model. The general linear modeling procedures (PROC GLM; SAS Institute Inc, Cary, NC, USA; version 8.0) were used to estimate continuous variables according to the quartile distribution of energy density. The polynomial contrast was used to determine P for linear trend. Differences were considered significant if Po0.05.
Results
Comparisons of the characteristics of the study population revealed no significant differences between genders in age, percentage of higher education and sedentary lifestyle (Table 1) . Women spent less time in leisure physical activity, drank less alcohol, consumed less energy and were more likely to be non-smokers and alcohol abstainers than men (Table 1) . For further analysis, we pooled men and women because results were generally compatible. Additionally, we only present data of energy density calculated for foods, because no essential differences were found compared with the data of energy density calculated for foods and caloric beverages.
Energy density was directly associated with smoking, sedentary lifestyle, alcohol consumption and LTPA (Table 2) . More women than men followed low-energy density diets (Table 2) . No significant trend across quartile distribution of energy density was found for weight (72.4714.5, 71.8714.1, 73.8714.6 and 74.1714 .5 kg for the first, second, third and top quartile, respectively) and BMI (27.874.7, 27, .074.5, 27.274.4 and 27.474 .6 kg/m 2 for the first, second, third and top quartile, respectively).
There was a direct age-and sex-adjusted association of dietary energy density with energy consumption and intakes of total, saturated, monounsaturated, and polyunsaturated fat (Table 3 ). An inverse relationship was observed between dietary energy density with intakes of protein (percentage of total energy intake), carbohydrate (percentage of total energy intake), water provided by food (g/4.18 MJ), dietary fiber (g/4.18 MJ) and the unsaturated fat-to-saturated fat ratio. Low-energy density diets were associated with higher consumption of vegetables, fruits, legumes, whole grain Diet quality of free selected low-energy density diets H Schröder et al cereals, white meat and fish. In contrast, higher intakes of red meat, sweets and pastries, refined cereals, olive oil (976.8 g/4.18, 1076.7 g/4.18, 1077.7 g/4.18 and 1278.8 g/4.18MJ for the first, second, third and top quartile, respectively) and red meat and sausages were associated with an increase in energy density (Table 3) . The adequacy of dietary intakes of vegetable, fruit, dietary fiber, calcium, folate, cholesterol, carbohydrates (expressed in percentage of energy intake), total fat (expressed in percentage of energy intake), saturated, monounsaturated and polyunsaturated fat (all expressed in percentage of energy intake) significantly decreased across quartile distributions of energy density (Table 4) . A higher prevalence of adequate energy intake was found among subjects with lowenergy density diets as compared with high-energy density diets (Table 4) .
The prevalence of energy underreporting (energy intake/ basal metabolic rate o1.3) decreased across quartiles of energy density (40.6% in the first quartile and 30.7% in the top quartile). Controlling for energy underreporting did not affect direction or magnitude (Po0.001) of the association between energy density and the proportion of subjects exceeding DRI for energy. Furthermore, adjusting analysis for energy underreporting did not substantially change the association of energy density with diet quality, lifestyle and food and nutrient intake.
Discussion
The main finding of the present study was that free selected low-energy density diets were associated with lower energy intake and better diet quality, and a higher prevalence of participants meeting DRI for energy intake than high-energy density diets in the present population. Energy intake from all foods and caloric beverages consumed (kJ)/weight of foods and caloric beverages consumed (g). Diet quality of free selected low-energy density diets H Schröder et al
Energy density of the total diet differs considerably among populations . The average energy density of the diet of the present free-living population is remarkably lower (5.23 kJ/g men, 4.63 kJ/g women) than that reported for the United States (7.98 kJ/g men; 7.48 kJ/g women) and Great Britain (6.7 kJ/g) but comparable with that of other south European populations . These data reflect substantial differences among these diets.
In the light of the growing obesity epidemic, the new Dietary Guidelines for Americans, 2005 emphasize the need for adequate energy intakes in weight management. Energy intake has increased not only in the United States but also in Europe (Stubbs and Lee, 2004) . The law of energy balance dictates that an energy intake that exceeds energy needs will contribute towards weight gain. Indeed, several observational studies have shown an increase of BMI with increasing energy intake (Parker et al., 1997; Gillis et al., 2002; Schroder et al., 2003) . Furthermore, experimental studies found an increase of total energy intake with higher energy density of the diets. In the present study, energy density was inversely associated with intakes of carbohydrates and proteins, both 60.6 (57.6-63.6) 33.8 (30.7-36.8) 17.2 (14.1-20 .2) 7.9 (4.9-11.0) o0.001 Cholesterol b 71.8 (68.2-75.3) 58.9 (55.3-62.4) 53.6 (50.1-57.2) 46.3 (42.7-49.9) o0.001 Fiber b 84.0 (80.8-87.3) 77.1 (73.9-80.4) 62.6 (59.4-65.9) 36.7 (33.5-40.0) o0.001 Folate b 72.4 (69.0-75.9) 59.0 (55.6-62.5) 45.0 (41.6-48.5) 28.3 (24.8-31.8 Diet quality of free selected low-energy density diets H Schröder et al expressed in a percentage of total energy intake. In contrast, a strong direct relationship was observed for energy density with energy consumption and total fat intake, which is in line with previous findings (Stookey, 2001; Crowe et al., 2004) . In the present study, an increase of 10% in fat intakes was associated with a change of 0.98 kJ/g of energy density. This fact demonstrates the strong effect of fat on energy density. Energy expenditure is the second most important lifestyle variable affecting energy balance. It is of interest to note that in the present population, high-energy density diets were associated with lower levels of LTPA and with a higher prevalence of a sedentary lifestyle. Indeed, the probability of gaining weight increases with the combination of a highenergy density diet and a sedentary lifestyle.
Several experimental studies have demonstrated the fundamental impact of energy density on total energy intake (Poppitt and Prentice, 1996; Bell et al., 1998; Bell and Rolls, 2001) . In the present study, 10.2% of more subjects, who adhered to low-energy density diets, did not exceed recommended energy intake compared with those following high-energy density diets. This difference is of remarkable magnitude at population level. These results indicate that low-energy density diets of the present study population have a tendency to promote adequate energy intakes. Hence, consuming large amounts of low-energy density food might be an interesting alternative to avoid passive over consumption and excessive energy intakes.
However, meeting EERs is only one criterion of a healthy diet. Consuming adequate amounts of macro-and micronutrients is imperative for an optimal health status (Dietary Guidelines for Americans, 2005; Shenkin, 2006) . There are several factors that influence nutrient adequacy at population level. Generally, increasing total energy intake is associated with a rise in nutrient intake (Willett, 1998) . In contrast, the decline in energy intake with increasing age is associated with deficiencies in nutrient requirements (Schroder et al., 2004) . In the present study, low-energy density diets were inversely associated with energy intake and directly with age. Hence, these diets are more susceptible to an inadequate nutrient intake compared with high-energy density diets. However, low-energy density diets of the present population tended to be closer to the dietary recommendations of the Spanish Society of Community Nutrition than high-energy density diets.
Several epidemiological studies reported a direct association between diet quality and healthy lifestyle variables (Ruidavets et al., 2004; Thiele et al., 2004; Tur et al., 2004) . In the present population, participants with a high adherence to low-energy density diets showed a trend towards a healthier lifestyle characterized through a higher degree of physical activity during leisure time, lower prevalence of smoking, sedentary lifestyle and alcohol consumption.
The present study has several limitations. Causality between energy density and diet quality cannot be drawn because of the study's cross-sectional design. Furthermore, all dietary instruments measuring past food intake are vulnerable to random and systematic measurement errors. Finally, misreporting of self-reported food intake is an acknowledged source of measurement error in prospective or retrospective methods of dietary assessment.
In conclusion, low-energy density diets of the present population are characterized by a high consumption of vegetables, fruits, legumes, white meat and fish. Energy intake and fat consumption were directly associated with energy density, whereas an inverse relationship was found between energy density and intakes of protein, carbohydrates and water provided by food consumption. A higher quality of the diet, more adequate energy consumption and, additionally, a more healthy lifestyle, in general, were associated with a lower energy density diet. The promotion of a high consumption of low-energy density foods might give the framework for a healthy and energy-restricted diet.
